In 2016, USDA-Food Safety and Inspection Service began using a neutralizing buffered peptone water (nBPW) to rinse broiler carcasses for Salmonella and Campylobacter performance standard testing. The nBPW contains standard buffered peptone water (BPW) with compounds to neutralize residual antimicrobials that may be transferred from the carcass to the sample rinsate. However, a direct comparison of nBPW and BPW on carcasses commercially treated with antimicrobials has not been conducted. On 3 replicate days in a commercial broiler processing plant, an immersion chilling biomap using whole carcass rinse samples taken prior to any chilling treatment (30), after pre-chill treatment (30), after primary chill (30), after secondary chill (30), after post-chill treatment (50), and after post-chill treatment without the pre-chill treatment (49) were tested. Carcasses were rinsed with either BPW (without neutralizer) or nBPW. Rinsates were sampled for Salmonella and Campylobacter prevalence and both Enterobacteriaceae (EB) prevalence and counts. No significant differences were observed between sampling sites or rinse media for Salmonella due to an overall low prevalence (4 positive/219 samples). Campylobacter prevalence significantly decreased from prior to chilling (93%) to after all chilling steps (47%) as anticipated (P < 0.0001); however, overall significantly fewer Campylobacter positive carcasses were detected when nBPW was used (55%) in comparison to BPW (70%, P = 0.0258). Both EB prevalence and counts significantly decreased (both P < 0.0001) from prior to chilling (100%, 2.35 log 10 CFU/mL) through after all chilling steps (52%, 0.47 log 10 CFU/mL). The use of nBPW versus BPW did not impact EB prevalence; however, samples rinsed with nBPW had significantly higher overall counts (1.26 vs. 1.00 log 10 CFU/mL, P = 0.0134). The results from this study indicate that the use of a PAA pre-chill treatment did not significantly impact bacteria recovery following all chilling steps. The use of nBPW was effective in neutralizing residual PAA in carcass rinsates when sampling for EB counts; however, nBPW may lessen the ability to detect Campylobacter in these same samples.
INTRODUCTION
On June 8, 2016, USDA-Food Safety and Inspection Service (FSIS) published a notice that on July 1, 2016, poultry performance standard sampling of carcass rinses, parts rinses, and turkey swabs would be conducted using a new neutralizing buffered peptone water (nBPW) instead of the buffered peptone water (BPW) (USDA-FSIS, 2016) . Carcasses or parts are sampled by FSIS for performance standard testing immediately following an antimicrobial intervention such as carcass chilling or an antimicrobial dip/spray. The major concern, which led to the need to develop nBPW, was that antimicrobials on the carcass/parts during C 2018 Poultry Science Association Inc. Received May 7, 2018. Accepted July 17, 2018. 1 Corresponding author: dvb0006@auburn.edu sampling may be transferred from the carcass/part into the rinsate solution that is subsequently tested for Salmonella and Campylobacter. If the antimicrobial within the rinsate is not neutralized, it may continue to actively kill Salmonella and Campylobacter leading to inaccurate representation of pathogen prevalence on the carcass/parts at sampling time and may lead to false negative results. To meet the need for antimicrobial neutralization, nBPW was developed to be used for performance standard testing (Gamble et al., 2017) . In addition to the BPW base, nBPW contains lecithin for the neutralization of up to 1,200 ppm of cetylpyridinium chloride, sodium thiosulfate for the neutralization of up to 300 ppm peroxyacetic acid (PAA), and sodium bicarbonate for neutralization of up to 180 ppm of acidified sodium chlorite (Gamble et al., 2017) . Of these antimicrobials, PAA is currently the most frequently used for carcass chilling and post-chill carcass/parts treatment. The nBPW currently used 393 by FSIS contains all 3 neutralizers because a universal neutralization enrichment broth is needed to cover a variety of antimicrobials that could be used in US processing plants.
Since the implementation of nBPW for use in regulatory testing of Salmonella and Campylobacter in raw poultry, minimal data have been published regarding its efficacy in a commercial setting. In a study comparing nBPW to Dey/Engley broth, antimicrobials (PAA or acidified sodium chlorite) and a marker Salmonella strain were added to previously collected carcass rinsates (Ignatovich et al., 2017) . Ignatovich et al. found that nBPW may not be adequate for neutralization of acidified sodium chlorite. Vuia-Riser (2016) reported that nBPW water appeared to neutralize both PAA (500 ppm) and cetylpyridinium chloride (0.50%) when applied to whole carcasses, but not poultry parts. When nBPW and BPW were compared for the recovery of Campylobacter, nBPW was effective in neutralizing cetylpyridinium chloride, PAA, and an acid blend, but not acidified sodium chlorite . However, this study (similar to the previously described studies) was conducted in vitro by inoculating previously collected carcass rinses with a marker bacterial strain followed by the addition of simulated carryover concentrations of the investigated antimicrobials.
In September 2017, FSIS reported that there was an increased recovery of Salmonella following implementation of nBPW when July 2015 to June 2016 performance results were compared with July 2016 to June 2017 performance results (Hretz, 2017) . However, there was no direct comparison of nBPW and BPW from the same flock of birds and the increased recovery could have been due to other factors impacting Salmonella prevalence between sample years. For regulatory testing, FSIS samples one carcass per week per plant. However, almost all commercial poultry processing plants take multiple carcass/parts rinse samples every day for inhouse testing and process verification. Process verification testing allows each plant to create a biomap to monitor their systems for decreases in microbial levels to ensure the highest attainable levels of food safety of raw products. These samples are tested for the foodborne pathogens Salmonella and Campylobacter, as well as Enterobacteriaceae (EB). Enterobacteriaceae is a bacterial family that is used as a hygiene indicator. This family includes both coliforms and potential foodborne pathogen such as Salmonella; however, the presence of EB does not indicate that pathogens are present.
Carcasses are sampled for performance testing following the last antimicrobial intervention after whole carcass chilling and before cut-up. In addition to the typical immersion carcass chilling, post-chill antimicrobial carcass treatments are often utilized as additional intervention in the commercial broiler processing plant (Nagel et al., 2013) . These post-chill treatments are often short term (<30 s) and contain an antimicrobial at a higher concentration than could be used during the longer-term carcass immersion chilling. The addition of a short-term pre-chill antimicrobial carcass treatment is not common practice and little data on the efficacy of this type of treatment are available.
The objectives of this study were to create a biomap of a commercial broiler carcass immersion chilling process, assess the impact of a pre-chill carcass treatment on carcass microbiology following all chilling steps, and to determine the effectiveness of nBPW for neutralizing commercial levels of PAA carryover in broiler carcass rinsates.
MATERIALS AND METHODS

Carcass Sampling
Over 3 replicate sampling days, a total of 220 broiler carcasses were sampled from 5 locations along an immersion chilling process in a commercial processing plant. On each replicate day, all carcasses were sampled within 90 min; however, sampling of carcasses from a single flock was not guaranteed. The immersion chilling process consisted of 4 separate tanks. Tank 1 was a pre-chill treatment where carcasses were immersed in approximately 300 ppm PAA at 24
• C for 20 s. Tank 2 was designated as the primary chiller where carcasses were immersed in approximately 30 ppm PAA at 20
• C for 20 min. Tank 3 was the secondary chiller where carcasses were immersed in approximately 25 ppm PAA at 0.5
• C for 100 min. Tank 4 was a post-chill treatment where carcasses were immersed in approximately 300 ppm PAA at 2
• C for 20 s. Carcasses were collected prior to any chilling (10/replicate), after the prechill treatment (10/replicate), after the primary chiller (10/replicate), after the secondary chiller (10/replicate), and after the post-chill treatment (10 in replicate 1, 20 in each replicate 2 and 3). To assess the efficacy of the pre-chill treatment on post-chill carcass microbiology, 50 carcasses (10 in replicate 1, 20 in each replicate 2 and 3) were removed prior to any chilling, plastic leg bands were wrapped around each wing, and carcasses were added directly to the primary chiller, skipping the pre-chill treatment tank. These carcasses were collected for sampling after exiting the post-chill treatment tank. Following sample collection, 1 sample (after post-chill, nBPW rinsed) was lost; therefore, the total broiler carcasses sampled was reduced to 219.
Microbiological Sampling
Upon collection, each carcass was individually bagged and taken to an onsite laboratory. For each sampling group, half of the carcasses (e.g., 5/10 whole carcasses) were rinsed for 1 min with 400 mL sterile BPW (Becton Dickinson, Franklin Lakes, NJ) and half of the carcasses (e.g., remaining 5/10 carcasses) were rinsed with 400 mL sterile nBPW. The nBPW was prepared with 20 g BPW, 7.0 g refined lecithin (Alfa Aesar, Haverhill, MA), and 1.0 g sodium thiosulfate (Acros Organics, West Chester, PA) per liter, autoclaved, then 12.5 g filter sterilized sodium bicarbonate (Aldon Corp, Avon, NY) was added. Rinsates from each carcass were collected in sterile cups and kept on ice during holding and transportation to the Auburn University Poultry Science department laboratory.
Carcass rinsates were sampled for Salmonella prevalence following enrichment. Upon arrival at the laboratory, 30 mL of each rinsate was transferred to a 50 mL sterile conical tube. Tubes were loosely capped and incubated at 37
• C for 24 h. Following incubation, 0.1 mL of enrichment was transferred into 9.9 mL of Rappaport-Vassiliadis R10 broth (Hardy Diagnostics, Santa Maria, CA) and 1.0 mL of enrichment was transferred into 9.0 mL of Tetrathionate broth (Hardy Diagnostics). Broths were then incubated at 42
• C for 24 h. Following incubation, 2 10 μL loops from each tube were plated onto brilliant green sulfa (BGS, Becton Dickinson) and xylose lysine Tergitol 4 (XLT4, Hardy Diagnostics) agar plates. Plates were incubated at 37
• C for 24 h. Presumptive colonies were selected, stabbed into triple sugar iron and lysine iron agar slants (Hardy Diagnostics), and incubated at 37
• C for 24 h. Growth on slants showing typical Salmonella growth characteristics was confirmed with Salmonella O antiserum Poly A-I & Vi agglutination assays (Hardy Diagnostics).
Campylobacter prevalence from carcass rinsates was also determined following enrichment. In the laboratory, 20 mL of each rinsate was transferred to a 50 mL sterile conical tube containing 20 mL 2X blood-free bolton's enrichment broth (2X BF-BEB; Neogen, Lansing, MI). The 2X BF-BEB was prepared as described by USDA-FSIS (2018) . Tubes were loosely capped and incubated at 42
• C for 48 h in a GasPak EZ container with sachets (Becton Dickinson) to produce a microaerobic growth environment. Following incubation, 2 10 μL loops from each tube were plated onto a Campy-Cefex (Hardy Diagnostics) agar plate and incubated at 42
• C for 48 h in a GasPak EZ container with CampyPak sachets (Becton Dickinson). Presumptive positive colonies were confirmed with Campylobacter latex agglutination identification tests (Hardy Diagnostics).
Enterobacteriaceae counts and prevalence were determined. For EB counts, carcass rinsates were serially diluted and plated in duplicate onto EB petrifilm (3M Food Safety, St. Paul, MN) and incubated at 37
• C for 24 h. Following incubation, colonies were counted and recorded as log 10 CFU/mL. Prevalence was determined based on presence or absence of colonies when the rinsate was plated directly onto the petrifilm.
The main effects analyzed were sampling day, sampling location, and enrichment broth. Prevalence data were statistically analyzed by Chi-square and Fisher's exact test. Logarithmic EB values for positive samples were analyzed by ANOVA with means separated by Tukey's HSD test.
RESULTS AND DISCUSSION
Overall Salmonella prevalence for all treatments was only 2% (4/219). Due to this very low prevalence, no conclusions could be made regarding any treatment effects. Of the 4 Salmonella-positive carcasses, 1 was sampled prior to chilling, 2 after the pre-chill treatment, and 1 after the post-chill treatment. This low recovery of Salmonella was not unexpected. Commercial poultry processing plants successfully implement multiple intervention strategies to minimize potential Salmonella contamination.
One goal of this research study was to assess the impact of a pre-chill PAA carcass treatment on postchill carcass microbiology. When EB and Campylobacter results from post-chill carcasses were compared to results from post-chill carcasses that did not receive the pre-chill PAA carcass treatment there were no significant effects of sampling day, treatment, or enrichment broth, as well as no 2 or 3-way interactions (Table 1) . The lack of impact of the pre-chill carcass treatment may have been due to the untreated carcasses coming into contact with treated carcasses during the remainder of the chilling process (primary, secondary, and post-chill treatment). In addition, due to the large volume of broiler carcasses moving through the processing plant, the marked, untreated carcasses had to be collected from a table following exit from the post-chill treatment where they were mingled with treated carcasses. Any potential impact of pre-chill treatment was lost during the remainder of the chilling process. Due to the lack of significant differences between carcasses that were or were not subjected to the pre-chill treatment, data from all carcasses sampled following the post-chill treatment were pooled.
When assessing the counts and prevalence of EB across the broiler carcass chilling biomap, both counts and prevalence decreased from prior to chilling to after all chilling steps (Table 2, P < 0.0001 for both counts and prevalence). Carcasses sampled prior to chilling had 2.34 and 2.36 log 10 CFU/mL (BPW and nBPW, respectively) and 100% prevalence of EB. Following the pre-chill treatment, EB counts (1.87 and 1.96 log 10 CFU/mL) did not significantly decrease in comparison to counts prior to chilling and prevalence remained at 100%. This would again indicate that the pre-chill carcass treatment did not impact carcass microbiology. When carcasses were sampled after the primary chiller, counts significantly decreased to 0.30 and 0.74 log 10 CFU/mL from prior to chilling (2.34 and 2.36 log 10 CFU/mL) and after pre-chill treatment (1.87 and 1.96 log 10 CFU/mL) (P < 0.0001). Enterobacteriaceae counts after the secondary chiller (0.22 and 0.80 log 10 CFU/mL) and after the post-chill treatment (0.35 and 0.58 log 10 CFU/mL) were not significantly lower than the after primary chiller levels. These results differ from previous work where aerobic bacteria, generic Escherichia coli, and total coliforms did not significantly decrease after carcasses were immersion-chilled for 15 min in 20 ppm PAA (Steininger et al., 2018) . This difference may have been due to the slightly higher concentrations of PAA (30 ppm) in the commercial primary chiller and the slightly longer dwell time (30 min). The prevalence of EB significantly decreased from prior to chilling to after the post-chill treatment (P < 0.0001). For carcasses rinsed with BPW, prevalence significantly decreased from 100% prior to chilling to 67 and 50% after the secondary chill (P = 0.0421) and post-chill treatment (P = 0.0002). Carcasses rinsed with nBPW had a significant decrease in prevalence from 100% prior to chilling to 67% after the primary chiller (P = 0.0421), 60% after the secondary chiller (P = 0.0169), and 53% after the post-chill treatment (P = 0.0005). These results indicate that the primary chiller had the greatest impact on decreasing prevalence and levels of EB on broiler carcasses. If the antimicrobial PAA is carried over from the carcass into the carcass rinsate, potentially affecting bacterial detection in the rinse, it would be expected that nBPW rinsates would have a higher level of bacteria than BPW rinsates. This difference was observed from carcasses sampled after the secondary chiller and with overall EB counts. Carcasses rinsed with nBPW after the secondary chiller had 0.80 log 10 CFU/mL EB, whereas carcasses rinsed with BPW had 0.22 log 10 CFU/mL (P = 0.0463). Overall carcasses rinsed with nBPW had 1.26 log 10 CFU/mL, whereas carcasses rinsed with BPW had 1.00 log 10 CFU/mL EB (P = 0.0134). There were no significant differences in prevalence between carcasses rinsed with either nBPW or BPW. These results indicate that a small amount of PAA may be carried over from the carcass into the sample rinsate. However, the effect was minimal and not considered to be biologically significant as indicated by the small difference of only 0.26 log 10 CFU/mL overall and no significant differences in EB prevalence.
Campylobacter prevalence decreased as carcasses progressed along the chilling biomap (Table 3) . Carcasses prior to chilling were 100 and 87% positive when rinsed with BPW and nBPW, respectively. There was no significant difference in Campylobacter prevalence following the pre-chill treatment (100 and 87%) or after the primary chiller (93 and 67%) when compared to prevalence prior to chilling. The secondary chiller appeared to have the most impact on carcass Campylobacter with significant prevalence decreases to 40 and 27% (P = 0.0007 and P = 0.0025, respectively). Carcasses sampled after the post-chill treatment also had a significantly lower Campylobacter prevalence (54%, P = 0.0006 and 41%, P = 0.0026) in comparison to carcasses prior to chilling. While Campylobacter prevalence did decrease during immersion chilling as expected, there remained a relatively high prevalence of 54 and 41% following the post-chill treatment. One potential difference between these results and typical prevalence results obtained during regulatory sampling is sample analysis methodology. The FSIS protocol for whole carcass rinses used for regulatory data does not include an enrichment step. Briefly, 250 μL of carcass rinsate is spread on 4 campy-cefex plates per sample and 100 μL of carcass rinsate is spread onto 2 additional duplicate plates. To increase the likelihood of detecting Campylobacter, the blood-free Bolton's enrichment method slightly modified from the method described by USDA-FSIS (2018) was used for this study. Another potential difference between these results and typical prevalence results is the much smaller scale of this work in comparison to much larger samples sets collected from all USDA-inspected facilities.
There were no significant differences in Campylobacter prevalence within a sampling location when carcasses were rinsed with either BPW or nBPW. However, when data were combined, there was a significantly higher percentage of carcasses Campylobacter positive when rinsed with BPW (70%) versus nBPW (55%) (P = 0.0258). There is a possibility that one or a combination of the neutralizers present in the nBPW may be lessening the detection of Campylobacter in carcass rinsates. If Campylobacter detection is lessened by nBPW, then there may be a higher prevalence of Campylobacter present on poultry meat than is indicated during regulatory testing.
Overall, results from this work indicate that a prechill carcass PAA treatment does not significantly impact broiler carcass EB or Campylobacter following chilling. As anticipated, overall EB counts were higher when nBPW was used for carcass rinsing compared to BPW, indicating effective neutralization of PAA carryover. However, for Campylobacter overall prevalence was lower when nBPW was used for carcass rinsing compared to BPW. This indicates that the use of nBPW may be lessening the ability to recover Campylobacter following enrichment.
